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STMIABY 


An inveatlgation at low speed to determine the static stability 
and dac^ing-in-roll oharaoteristics of a number of low-aspect -ratio 
wings including swept wings of apja*oximately triangular plan form 
has been made in the Langley free-fli^t tvmnel and the 15“foot free- 
spinning ttcnnel. Hie static longitudinal stability, directional 
stability, effective dihedral, and daii^ing in roll weie investigated 
for a range of lift coefficient throng maximum lift. 

It -vras found that the ui^wept tapered wings shoT^red a tendency 
toward decreased longitudinal stabiliiy at low angles of attack as 
the aspect ratio was reduced. For the swept wings the neutral point 
moved rearward with respect to the q_uarter chord of the mean aero- 
dynamic chord as the sweepbaok Increased. In general, the effective 
dihedral and directional stability Increased with an increase in 
lift coefficient and with a reduction of aspect ratio. 

The unswept wings showed no consistent variation in damping 
in roll with lift coefficient for lift coefficients below maximum 
lift; whereas the triangular and swept tapered wings in genereil 
showed a reduction of damping in roll with increasing lift coefficient 
and ill some oases became \mstable before maximum lift was reached. 

The daJiqplng in roll decreased as expected with aspect ratio. Experi- 
mental values of the dancing in roll were generally smaller them the 
theoretical values. 


IHTRODUCTION 


The recent treaad toward the use of low-aspect -ratio wings for 
hl^-speed fli^t req.uires that the lovr-epeed stability and control 
oharacteristios of such configurations be determined. Some work has 
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■been done to determine the static, sta'bility characteristics of 
unswept low~a8pect -ratio jrlnge (for ©xmple, reference 1). The 
preseixt inveetioation was imdertaken to extend this work to include 
the dainping-in-roll and static sta'bility characteristics of hoth 
swept and unswept low-aspect-ratio wings. The swept wings were of 
•triangular or approxima'tely triangular plan form. 

This in-vestigation consie-fced of force and dar^ing-in-roll 
-tests of l8 wings liaving different aspect ratios, -taper ratios, 
and sweep'baok angles. Most of .the i/ings were of lo?? aspect ratio 
(aspect ratio ^3) al-though fovir wings of higher aspect ratio 
were incD.uded for con^arison. 


ffXMBOLS 


All forces and moments vrere referred to the sta'bility axes 
which ore defined in figiare 1. The rolling, yawing, and pitching 
Bioments we3ro all referred to -the ouarter-chord point of the mean 
aerodynamic '.chord. No corroo-tions for the effects of the Jet 
■boundaries 03 ;- the . support strut in-t^rference -wor6_applied to the 
data. The symbols and coefficients used 'in -the present paper are: 


S 

V 

h 

0 

0 

®r 

°t 

^c/4 

X, 


wing area, sq,x3aro feet 
airspeed, feet pei* second 
wing epan> feet 
chord, feet 


mean aerodynamic chord, feet, 

root chord, feet 

tip chord, feet 

angle of sweephaok of q.uar-ter 

•taper ratio ( 0 . 5 /oy) 



•chord line of -v^lng, degrees 


a angle of- at -tack, degrees 

t angle, of., yaw, degrees 
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P 

A 

Cd 

Cm 

Gl 

Gn 


25. 

2T 


'^3 


Cnp 




angle of sideslip, degrees {3 » -if) 
mass density of air, slugs per ciitlo foot 
dynamic pressvire, pounds per square foot 
aspect ratio 
lift coefficient 

V q-S y 

drag coefficient 



pitchlng-moiHent coefficient 

V y 

rolling -moment coefficient 

ast y 


yawing-moment coefficient 


e 


'awing momen'^ 


ast J 

rolling angular velocity, radians per second 

rolling-angular -velocity factor of lielix angle generated 
ty wing tip in roll, radians 

rate of change of rolling-moment coefficient with rolllng- 


angular-velooity factor 




rate of change of rolling-moment coefficient itvitji angle of 
sideslip in degrees 



,S3 

rate of change of yawing;;^???®^’^ coefficient with angle of 
sideslip in degrees 

/^c)CA 

llft-cinrve slope { — ili.) 

Vaay 




il- 
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APPARAIUS, MODELS, AND EiSTS 


Force ertcL dan^ing-in-roll to3ta were loads on each cf the l8 wings 
descrihed In table 1 . In order to facilitate tlie wing construction, 
most of the low-aspect -ratio wings were of flat-plate airfoil section, 
for past experience has shown that at low aspect ratios (approximately ’2 
or less) the choice of airfoils has little effect on tlie aerodynaTalc 
characteristics of— a wing. The geometric dihedral of the moan 
thicloieos line was zero for all of the wings except wings 4 and 6, 
which had -0.6° and -1.9° dlliedral, respoctivel,y. 

The force tests were made on taie six-component "balance of the 
Langley free -flight tunnel, (For a complete desoriptlon of the 
"balance and tunnel see references 2 and 3, rospective3.y . ) The tests 
consisted of n:isasuromsnts through a range of angle of attach from 
small negative angles through tiie angle of maximum lift with angles 
of yaw of 0°, 5°, and -5°. Ihe. values of the lateral sta"bility 
derivatives -O^p and Cnp wore detorminod from the roll li^g -moment 

and yawing-moment data at 5° and -9° yaw. 

The damping-in-ro3JL tests were made on a rolling rig in the 
Langley 15“foot f roe -splJTnii^ tunnel (reference 4) by the method 
described in reference 5. values of the damping-in-roll 

derivative were determined frcaa the slopes of curvos of 

against ^ for several rotational spe.eds bot^^een ^ 0,1 and 

-0.1 at angles of attach ranging from ametll negative angles through 
maximum lift . 

All the tests were made at a dynamic pt’osBWe of 3.0 pounds per 
sq.uare foot which corresponds to Boyno3.dH nuiiiberB from 166,000 to 
1 , 150,000 baaed on the mean aerodynamic chords of the wings tested. 

The rolling, yawing, and pitching momenta wore all referred to II 10 
q.mrter -chord point of the mean aerodj-namic chord.’ 


RESULTS AND DISCUSSION 


The basic data from the low-aapect-ratio investigation are 
presented in figures 2 to 6 and a sxsmmary of the reoults prepeired 
from the basic data is presented in figures T "to 12. 
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The wings have "been divided into five groups for convenience 
in presentation and discussion, namely: 

^l) Bectangular with conventional airfoil (wings 1 , 2 , and 3 ) 

( 2 ) Xlnswept, tapered with conventional airfoil (wings 5, 

6 , and 7 ) 

( 3 ) Tlnswept, tapered with f3jat»-plate airfoil (wings 3, 9 , and 10 ) 

(4) Triangular with flat-plate airfoil (wings 11, 12, 13, aiid l4) 

( 5 ) Swept, tapei’ed with flat-plate airfoil (wings 15, 16 , 17, 

and 18 ) 

Care should he tahen in intea^preting the results of the present 
low-scale tests in terms of full-scale airplanes, although some 
correlation of the data for the triangular wings with full-scale 
tests has heen obtained from unpuhllshed force tests of a full- 
scale airplane of approximately triangular plan form conducted in 
the Langley full-scale timnel. The static stahilily characteristics 
of the small-scale models were in geod agreement with those of this 
full-scale airplane . 


Lift Characteristics 

For each groixp of wings the angle of attaoJc for maximum lift 
increased as the aspect ratio decreased (figs. 2 to 6) , 

The variation of maximum lift coefficient with aspect ratio is 
presented in figure 7» Wing 8 with the flat-plate airfoil had a 
much lower maximum lift coefficient than did wing 6 which had. the 
same plan form hut a conventional airfoil section.. The low maximum 
lift on wing 8 is attributed to a leading-edge separation .at small 
angles of attack which is conmon to flat plates of moderate and hig^ 
aspect ratios . 

For the strept tapered wings ti» maximum-lift -coefficient curves 
were faired with the aid of additional points taken from unpublished 
f ree -f li^t-tunnel data on similar wings. The results of figure 7 
show that the maximum lift coefficient for these wing groups reached 
peak values at fairly low aspect ratios (aspect ratios between 0.6 
and 2 . 0 ). This result is in agreement with the data of reference 1 
for strai^it wings and with the data of reference 6 for triangular 
wings with conventional airfoil sections. 

The variation of tlie lift-curve- slope with aspect ratio 

is presented in figure 8 . The theoretical vaqriation of the values of 
lift -curve slope with aspect ratio for aspect ratios above 3.0 was 
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ot bained ty asauLilng a seotlon I^ft-curre slop© of . 0.10 per degreo 
and applying the calculation methods of reference ?• For aspect 
ratios helov 1.0 the following equation 


Ct = i A 
® 57.2 2 

obtained from reference 8 was used. The theoretical, curyee were 
faired in for the aspect ratios "between 1,0 and 3*0» Figure 8 shows 
good agreement betv/een -tdieoi'etical and experimental resiilts and, 
in general, indicates that at the low aapect ratios the lift -curve 
slope is Independent of plan form and at the high aspect ratios llie 
experlBiental values of lift-cur’/e elope are slightly less than those 
predicted "by theory when the section lift-curve slope is assui>iod to 
"be 0.10 per degree. . . ' 


Longitudinal Sta"bllity Characteristics 

The rectangular wings 1, 2, and 3 showed no change in D.ongi- 
t'udinal stability ^riLth a decrease in aspect ratio. The unswept 
tapered wings h to 10, however, shewed at low angles of attaoJe a 
tendency toward lower longitudinal stability, with decreased aspect 
ratio similar to that previously I’cportod in reference 1. Although 
for the low-aspect -ratio unswept wings 8, 9, and 10 there was no 
marked change of static- margin ( -dCm/dCL) with aspect ratio 
(fig. 4), within this range of aspect ratios (3«0 -to 0.5) "the 
sweptback wings 11 to l8 showed an Increase in static mrgin wl-fch 
Increasing svreepback and decreasing aspect ratio (figs. 5 6). 

This effect of sweep on the static mar^n 'is' illus-tra-ted in figure 9 
which indica-fces the rearward movemen-fr of the aerodynamic cen-tor 
relati-ve to -fche q^uar-ter chord of the mean aerodynamic chord as the 
sweepback Increases. The extrapolated curve for -the triangular -wings 
in figure 9 Indioa-tea, that the aei-odynamlc center is probably loca-ted 
at approximately -iilie 25 -percent mean aerodynamic chord for . zero 
sweepback aiid approaches the 50 -percent mean aerodynamic chord 
(or the center of area) for -fche hypo-fchetlcal case off a triangular . -wing 
wi-fch 90° sweepback (reference 9) • 

On the triangular and awept^tapered wings the s-batic longi- 
tudinal stability a-b-the stall decreased -with an increase in sweepback. 
Reference 10 wliloh includes da-ba for wing 6 and wings 9 to 17 as well 
as o-bher plan forms tea-bed at different scales shows that as the 
sweepback is increased low aspect ratios must be. used to ;aaintaln 
satisfaotoiy- longitudinal stability at the s-ball. 
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Lateral Stability Characteristics 

Static stability .- Hie effective dihedral increased with lift 
coefficient hut, since this variation in icost cases iTas not linear, 
it was not possible to coapare the data for the different winos hy 
the valiios of dC^o/dCi, (rate of change of effective dihedreil with 

lift coefficient) . The changes in effective dihedral with aspect 
ratio are indicated instead in f igm?e 10 for an arbitrary lift 
coefficient of 0.4. The effective dihedral increases with decreasing 
aspect ratio with the greatest change at ilte very low aspect ratios. 
The erperioental results are coE 5 >ared with the oq.uation 



= 1 g ^L 

57.3 3 A 


which -vraa derived in reference 8. This eq^yation was derived for 
triangular wings of aspect ratio loss than 1.0 hut a oonsidoratlon 
of the assiuiTOtions involved in its derivation indicates that it 
should he applicable to \rings of higher aspect ratios. Theory., 
indicates the sane ^neral trend as the ozporSrientai re stilts but 
the experimental values of effective dihedral are cozisiderably less 
than the theoretical values. . . 


Tlie directional stabilily increased with increase in lift 
coefficient for all of the wings excei^t wings l4 and l8. The variation 
of directional stability with aspect ratio at a lift coefficient 
of 0.4 is. presented In figure 11. This figuie indicate^ that’ -fche 
directional s-bability increases wiiJi decreasing aspect ratio e^pcept- 
for aspect ratios below 1.0, at which, deoreasing the aspect ratio 
decreased -fche dlx^ctional s-fcabllity. 

Damping in roll .- Tho unswept ■wings 1 -fco 8 showed no consiston’t 
variation of daiaping in roll -with lift coefficient except for angios 
of at’baclc near maximuia lift, at which the darroing in roll decreased 
•bo-ward ins’tabili’ly . Wings 9 and 10 showed an Inconsis-bent variation 
of damping in roll throu^ the lift-ccefflcient range and, in geiasral, 
had less damping at -the higher lift coefficients. ' The swept wings 11 
•bo l8 showed a decrease in damping in roll wi-th increasing lift 
coefficient before the maximum lift -was reached. Tilts decrease in 
daEq)ing in roll wi-th lift coefficient for hiGhlj-- ‘•fcapered sweptbaok 
wings is probably caused by a premature -wing-tip s-tall. 

A cross plot showing -fche variation of damping in roll with 
aspect ratio is presented in figure 12. For the flat-pla-be -airfoil 
■wings, tlie damping-in-roU -values at zero lift eire given but, for -the 
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caniberecL-alrfoil vlngs, ttie maaciraum values of damplns in roll are 
given "because dou'b'fefui values are ottaiiied at zero lift "because of 
the poasi"ble separation from the lower surface of the wing. This 
figure shows the usvial trend of decreasing damping in roll with 
decreasing aspect ratio. The theoretical variation of the values of 
the daaq?ing“in-roll derivative Ci with aspect ratio for anpeot 

ratios above 3»P were obtained from reference ]l.l. A section-lift~ 
curve, slope of 0.10 per de^ee was . assumed. For-aspect ratios below 1.0 
the following equation 




obtained from reference 8 was assuised to be valid. The theoretical 
curves were faired in for the aspect ratios between 1.0 and 3-0. 


CONCLIBIOMS 


The results of the tests made in the Langley free -flight tunnel 
and the 15-foot free -spinning tunnel to determine the static stabilHy 
and damping-in-roll characteristics of low -aspect -ratio wings may "be 
summarized as follows: 

1. Althou^ for the rectangular wings there was no change in 
the longitudinal stability with aspect ratio, iiie unswept tapered 
wings showed a tendency toward decreased longitudinal stability at 
low angles of attack as the aspect ratio was reduced. 

2. For sweptback wings of approximately triangular plan form 
there was a rearward movement of the aerodynamic center with respect 
to the quarter chord of the mean aerodynamic chord as the swoepback 
increased. Results indicate that for triangular wings the aerodynamic 
center moves from approximately 25 percent to 50 percent' of the 

mean aerodynamic chord (or the center of area) as the sweepbaok is 
varied from 0° to 90°. 

3. The effective dihedral and directional stability In most cases 
increased with increase in lift coefficient, 

4. At low lift coefficients ilie effective dihedral and directional 
stability increased with decreasing agpeot ratio except that the 
directional stability of the wings of aspect ratio below 1.0 decreased 
sharply with decrease in aspect ratio. 
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5 . Unswept wings showed no consistent variation of daii^iing in 
roll with lift coefficient except for angles of attack near maximum 
lift where the damping in roll decreased toward instahility . i^e 
triangular and st-rept tapered wings -in. general showed a reduction in 
damping in roll with increasing lift coefficient and in some oases 
hecame unstable "before maximum lift was reached. 

6, The damping in roll decreased with aspect ratio as would be 
expected. The experimental values of danping in roll -wexe generally 
smaller than the theoretical values.. 


Langley Memorial Aeronautical Laboratory 
‘ . National Advisory Committee for Aeronautics 

Langley Field, Ya., July 21, 19^7 



10 


NACA m No . 1468 


REFERENCES 


1» ZimmBnaan, C. H.: ■ Character! st±o3 of Clark Y Airfoils of Small 
Aspect Ratios. NACA Rep. No. 431, 1932. 

2. Shortal, Joseph A., and Braper, John W.: Free -Flight-Tunnel 

Investigation of the Effect of tlae Fuselage Length and the 
Aspect Ratio and dize of the Vertical Tall on Lateral Stahility 
and Control . NACA ARR No . 3 ElL7, 1943 . 

3* Shortal, Joseph A., and Oaterhout, Clayton J.: Preliminary 

Stability and Control Tests in the NACA Free-Flight Wind Tunnel 
and Correlation with Full-Scale Flight Tests. NACA TN No. 8l0, 
1941. 

4. Zirmerman, C. H.: Preliminary Tests in the N.A.C.A. Free-Spinning 
Wind Tunnel. NACA Rep. No. 557 , I 936 . 

5» Bennett, Charles V«, and Johnson, Joseph L.; Ebcperiraenteil 
Determination of the Datitping in Roll and Aileron Rolling 
Effectiveness of Three Wings Having 2°, 42°, and 62° 

Sweephack. NACA TN No. I278, 1947. 

6 . Lange and Vacke: Prllfhericht Uher 3“ ihid 6 -KomponentenmesBungen an 

der Zuspitzungoreihe von Flhgeln kloiner Strecjcung. Toilhericht : 
DreleckflUgel . DM Nr. IO23/5, Deutsche Luf tfahrtforschung 
(Berlin -Aldershof), 1943. (Available as, NACA TM No. II76.) 

7. Swanson, Robert S., and Crandall, Stewart M.; Lifting-Surf ace - 

Theory Aspect -Ratio Corrections to the Lift and Hinge -Moment 
Parameters for Full-Span Elevators on Horizontal Ted.l Surfaces. 
NACA TN No. 1175, 1947. 

8. Ribner, Herbert S.: The Stability Derivatives of Low-Aspect -Ratio 

Triangular Wings at Subsonic and Supersonic Speeds. NACA TN 
No. 1423, 1947. 

9. Jones, Robert T.: Properties of Low-Aspect -Ratio Pointed Wings 

at Speeds below and above the Speed of Sound. NACA TN No. 1032, 
1946. " 

10. Shortal, Joseph A., and Maggin, Bernard; Effect of Sweepback and 
Aspect Ratio on Longitudinal Stability Characteristics of Wings 
at Low Speeds. NACA TN No. IO93, 1946. 



HA.CA TS No . 1468 


11 


11. Swanson, Holer t S., and Priddy, E. LaVeme; Lifting-Snrface- 

Theory Values of the Damping in Roll and of the Parameter tTsed 
in Estimating Aileron Stick Forces. NACA ARE No. L5F23, 1945* 

12. National Advisory Committee for Aeronautics; Aerodynamic Character- 

istics of Airfoils. NACA Rep. No. 315? 1929* 



12 


NACA TN No. 1468 


\ 


TABLE 1 

DIMENSIONAL CHARACTERISTICS 
OF THE WINGS 


Mng 

Plan farm 
(dot to scale) 

Aspect 

ratio 

A 

Taper 

ratio 

X 

% 

(dig) 

Swe.€p- 

bockaf 

Air- 

foil 

(Q) 

Area 

S 

(sqff) 

Span 

b 

On.) 

Root 

chord 

Of. 

(in) 

Tip 

chord 

On) 

MAO 

/ 

' ' 

6.00 

to 

0 

o 

«S635 

Z.67 

48m 

&O0 

aoo 

ano 

Z 

[ZT- 1 

4.36 

to 

O 

o 

PS&-35 

Z.06 

3650 

&Z5 

8F.5 

az5 

3 

a 

/.68 

to 

O 

o 

RSG-3S 

1.68 

zaio 

fZjQO 

/ZOO 

/ZjOO 

4 

'~-^Op%rcen* ehard 

/aoQ 

.5 

J.9 

3.8 

PS6-33 

Z.50 

6000 

&00 

4.00 

SZ3 

5" 

percent eAere 

6.00 


3.Z 

6.4 

BSe35 

Z.67 

4800 

1080 

5.40 

8.40 

6 


SjOO 

.s 

O 

63 

KSS-3S 

Z67 

340C 

f508 

7.54 

n.73 

7 


Z.OO 

.5 

O 

3S 

mss 

2.67 

Z7PQ 

f&SO 

9.Z5 

/43S 

8 


3.00 

.S' 

0 

63 

Kr' 

Z.67 

3400 

/S08 

7.54 

//.73 

9 


1.00 

.s. 

0 

f&S 

'F.R 

Z67 

19.60 

Z630 

/3.tO 

Z0.37 

10 

g 

^0 

. .s 

O 

33.6 

FR 

Z67 

13.88 

3690 

t8.45 

Z870 

// 


300 

0 

44S 

530 

FR 

Zj67 

34.00 

ZZ60 

O 

I5M7 

/Z 

A 

ZDO 

0 

S'6.3 

63.4 

F.P 

Z.67 

Z770 

Z7.70 

0 

1847 

!3 

A 

/.OO 

0 

7/6 

76.0 

F.R 

Z67 

■1960 

39ZO 

O 

Z6/0 

14 

A - 

jro 

0 

804 

8Zf 

F.P 

Z67 

1338 

5540 

O 

3593 

IS 


Z.00 

.z 

44.9 

530 

F.R 

ZJS7 

ZZZO 

ZZ60 

4SZ 

tS57 

t6 

A 

too 

.s 

449 

53.0 

FR 

Z.OO 

17.00 

ZZ60 

//.30 

1758 

n 

Cl ■ 

.33 


7/6 

750 

F.P. 

ZOO 

9S0 

JSLeo 

19.60 

30.49 

18 

0 

J7 

.s 

804 

8Z.9 

F.P. 

ZOO 

604 

5540 

ZTTFO 

4309 


NATIOMM. AOVnOHY 
QOtIMITTEK FOIf AfinOMAUTWS 


Typtca/ airfoil sec! tons taken m p/anes parallel to the. plane 
of symmetry are shoieh /n'the following sketches’. 



Rhabte St Genese SS" airHnt 
{Denqnctied as R5G, coordinates 
^iwn m refers nee !Z) 



lypical ffat^dfe air/oiJ 
(j>esignated as F.R) 
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Figure 1.- The stability system of axes. Arrows indicate positive 
directions of moments and forces. This system of axes is defined 
as an orthogonal system having the origin at the center of gravity 
and in which the Z-axis is in the plane of symmetiry and perpen- 
dicular to the relative wind, the X-axis is in the plane of symmetry 
and perpendicular to the Z-axis, and the Y-axis is perpendicular 
to the plane of symmetry. 




Figure 2.- Aerodynamic characteristics of rectangular wings with, conventional airfoil, 

(Wings 1, 2, and 3 of Table 1.) 





Drag coeffiaent, Co Lift coeffjaent ,C, 
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ProQ coefficient. Cn U/f coefficient, Q coeffiaentQ 



Figure 4.- Aerodynamic characteristics of unswept tapered wings with flat-plate alrfolL 

(Wings 8, 9, and 10 of l^le 1.) • ' 
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Angle of attack, OC , deg 


.T .O ^ 

Lift coefficient, Cl 


Figure 5.- Aerodynaniic characteirlstics of triangular wings with, flat-plate airfoil, 

(Wings 11, 12, 13, and 14 of Table 1.) 
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Figure 8.- Variation of lift-curve slope with aspect ratio at * 0. (Wings 1 to 18 of Table 1.) 
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Figure 9.“ Variation of aerod^ynainic -center position with sweepback. (Wings 11 to 18 of Table 1,) 
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Figure 10.- Variation of effective dihedral parameter with aspect ratio at = 0*4. 

(Wings 1 to 18 of Table 1.) 


> 


NACA TN No. 1468 




* • ■ » V » . I 



0/a34S6789 /0 

Aspect ratio 


Figure 11.- Variation of directional stability parameter witix aspect ratio at = 0*4. 

(Wings 1 to 18 of Table 1.) 


CO 

Cd 


NACA TN No. 1468 




Aspect mtto 


Plgure 12.“ Variation of damping-in-roU parameter with aspect ratio at = 0 for 

wings 8 to 18 and at TnaTiTnnm values of damping in roE for wings 1 to 7. (Wings 1 
to 18 of Table 1.) 
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